A study was conducted to determine the dietary effects of a clay mineral (sodium bentonite, NaB) on manure gas emission, health, production, and meat characteristics of Hanwoo steers. Two diets fed to steers included a control diet (concentrate mix and rice straw) and a treatment diet (control diet+1.0% clay mineral/concentrate mix). Dietary NaB addition considerably reduced concentrations of gases (H 2 S, SO 2 and NH 3 ) in the manure of Hanwoo steers. Growing steers fed NaB had similar blood profiles with the exception of lower (p<0.05) concentrations of blood alkaline phosphatase and lactate dehydrogenase. Dietary NaB addition tended to increase (p = 0.10) live weight by 30 kg at slaughtering and did not affect carcass yield and quality traits. Dietary NaB addition increased concentrations of P (p<0.01), Mg (p<0.01), Na (p<0.01), Zn (p<0.005), K (p = 0.08), Fe (p = 0.08) and Cu (p = 0.07) in the longissimus muscle compared to the control but did not affect (p>0.05) fatty acid composition. The study demonstrated that the dietary addition of a clay mineral could be effective in improving mineral bioavailability to Hanwoo steers, which could be one of the reasons for their improved performance.
INTRODUCTION
Annually more than 12,000 tons of clay mineral is used as an animal feed supplement in Korea. Clay mineral such as sodium bentonite (NaB) is an expanded lattice clay of the montmorillonite group of minerals (Bates and Jackson, 1980 ) with a high ion exchange capacity that binds a wide range of cations (Fenn and Leng, 1989) . Because acid buffering capacity has been correlated with total cations and total ash (Jasaitis et al., 1987) , mineral buffers such as clay minerals might be effective in alleviating acid stress in ruminants under intensive feeding and management programs. Incorporated into diets, bentonite has improved wool growth of sheep (Fenn and Leng, 1989) , decreased ruminal ammonia concentrations, improved feed and bacterial protein flow to the small intestine of ruminants, and had little effect on mineral metabolism in bone, liver and kidney (Ivan et al., 1992) . It has been reported that feeding clay minerals had positive effects on productivity and meat quality of swine (Kim et al., 2000) and beef cattle (Cho et al., 2001; Kang et al., 2002) . Among clay minerals, its effect was highest in the order of Na-bentonite, illite and kaolinite (Kang et al., 2002) . However, research is lacking on the effect of dietary NaB addition on manure gas emission and meat characteristics, especially meat chemical profiles of Hanwoo steers. We hypothesized that NaB addition may affect the gas emission and meat quality of Hanwoo steers.
Based on previous reports of the positive effects of clay minerals incorporated into diets of ruminants, a study was conducted to determine the effects of NaB on gas emissions, animal performance, meat quality and meat chemicals of Hanwoo steers.
MATERIALS AND METHODS

Animals and treatments
All animal care protocols were approved by the Konkuk University Institutional Animal Care and Use Committee. Thirty six Hanwoo (Bos taurus coreanae) steers at 9 months of age (avg BW 232 kg) were allotted in groups of 4 steers to each of 9 pens. Six of the pens were located at Farm 1, and three of the pens at Farm 2 in Boeun County, Chungbuk Province, Korea. Steers were fed one of two rations: a control diet (concentrate mix and rice straw), and a modification of the control diet (treatment NaB) which consisted of the control diet+1.0% clay mineral/concentrate mix. Periods for growing, fattening and finishing were 6, 8, and 8 months, respectively. Diets were fed for 22 months until the animals were slaughtered.
The concentrate mix was fed in a restricted manner to achieve 0.8% levels of ADG during the growing period, and over 0.9 kg ADG during the fattening period. Animals had free access to rice straw at all times. The clay mineral was top-dressed at each feeding time. Feed was supplied twice daily at 07:00 h and 18:00 h. During the finishing period, the concentrate mix was fed ad libitum and rice straw was restricted at a level of approximately 10% of concentrate mix. The chemical composition of the corn-based concentrate mix according to the feeding periods and of the rice straw fed to the steers is presented in Table 2 . Rice straw was fed in the form of large bales (400 to 500 kg). The clay mineral (sodium bentonite) used in the study was an extra-purified powder for animal use, which contained 75 to 85% Montmorillonite and was composed of 58% SiO 2 , 20% Al 2 O 3 , 6% Fe 2 O 3 , 3.5% MgO, 2.5% CaO, 2% Na 2 O, and 1% K 2 O. Based on mineral elements, it contained 1.41% Ca, 0.04% P, 0.10% Mg, 1.78% K, 0.66% Na, 1,631 ppm Fe, 7.9 ppm Zn, 5.0 ppm Cu, and 212 ppm Mn. The pH was about 10, swelling volume was 9 ml/g, cation exchange capacity was 80 meq/100 g, and the specific surface area was 400 to 600 m 2 /g. Animals were observed for health status, and body weight was measured on a monthly basis throughout the study. Samples of concentrate mix and rice straw were collected every 2 wk for proximate analysis.
Sampling and chemical analysis
Feed samples taken from troughs prior to feeding were dried and ground to pass through a 1 mm screen using a Sample Mill (Cemotec, Tecator, Sweden). Dry matter was determined by drying samples at 105°C for 24 h to constant weight. Crude protein, EE, NDF, ADF, and ash were determined by the AOAC (2000) methods.
During the growing period of steers, health diagnosis was made and blood samples were taken from the jugular vein and an equal portion divided into bottles with or without anti-coagulant EDTA. Serum profiles including 
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Concentrates mix Rice straw Growing Fattening Finishing Gas emission from manure was measured during the fattening period of steers. Triplicate manure samples were taken randomly from each of the floors at Farm 1 where the steers were bedded on sawdust and at Farm 2 where no bedding was used. Samples were stored at -20°C. For analysis of gases, samples were placed in Tedlar Pyvinylfluoride bags, thawed at room temperature for 3 d, and analyzed for SO 2 , NH 3 and H 2 S with gas measurement kits (Gastec, Japan).
Steers were withdrawn from the experimental diets 24h before slaughter. Following a 48-h carcass chill, yield and quality grades were assigned to each carcass using Korean carcass grading standards specified in the attached list No. 4 of Korean Livestock Enforcement Regulation (KMAF, 2007) . The 12 th to 13 th rib longissimus muscle was removed from each steer and frozen until later analysis.
For mineral analysis of the rib muscle, samples were analyzed for Ca, P, Mg, K, Na, Mn, Fe, Zn and Cu by inductively coupled argon plasma emission spectroscopy (ICP-OES 5300DV, Perkin Elmer, USA) as described by Braselton et al. (1997) . For fatty acid analysis of the rib muscle, frozen samples were sent to a certificated, commercial laboratory (Scientific Lab Center Co, LTD). Fat was extracted according to the method of Folch et al. (1957) . Fatty acids were methylated by the method of Morrison and Smith (1964) and analyzed using gas chromatography (6890N, Agilent, USA).
Statistical analysis
Data were analyzed using farms as a block in a randomized complete block design by the General Linear Model (SAS Institute, Inc., 1990). Gas emission data for each farm were analyzed by one-way analysis of variance.
Comparison of means between control and NaB treatment was made using studentized-t test (SAS Institute, Inc., 1990). Significant differences were detected at p<0.05.
RESULTS AND DISCUSSION
Blood profiles of the growing steers
The blood profiles of the Hanwoo steers were analyzed during the growing period and presented in Table 3 . For blood nutrients, the dietary treatment showed no differences in blood concentrations of triglyceride, cholesterol, high density lipoprotein, low density lipoprotein, glucose and total protein. These results indicated that fat, energy and protein metabolism was not affected by NaB addition to a growing steer diet. The blood electrolytes Ca, P, K, Na and Cl were not affected by dietary NaB treatment. Blood enzyme analyses showed little effect of the NaB treatment on liver and kidney; however, blood concentrations of alkaline phosphatase and lactate dehydrogenase, which are used as markers of tissue damage, were favorably decreased (p<0.05) by dietary NaB addition. However, the consistency of this phenomenon needs to be further investigated. Blood cell counts were not affected by the treatment. Generally, values for all blood constituents were within the normal range for healthy cattle (Wallach, 1974; Church and Pond, 1982) . In a similar study, Cho et al. (2001) reported that feeding clay minerals to growing Hanwoo steers did not affect their red and white blood cell counts. Pulsipher et al. (1994) reported that feeding 42 g/d bentonite to lambs did not affect their blood nutrients, electrolytes, and enzymes. In another study, Ha et al. (1985) reported that feeding 2% bentonite to lambs did not affect concentrations of blood Ca, P, K, and Na. Generally the dietary addition of NaB had little effect on blood profiles of steers. None of the steers showed abnormal health problems throughout the experimental periods.
Gas emission from manure of fattening steers
Concentrations of gases emitted from manure on the floor were analyzed during the fattening period and the data are presented in Table 4 . For Farm 1 floors bedded with sawdust, the dietary addition of NaB reduced (p<0.05) concentrations of H 2 S by 100% and NH 3 by 24% compared to the control. For Farm 2 unbedded floors, dietary NaB addition reduced SO 2 concentrations (p = 0.06) by 31% and NH 3 concentrations (p = 0.08) by 56%. When data for Farm 1 and 2 were pooled, addition of dietary NaB reduced concentrations of H 2 S by 100%, SO 2 by 27%, and NH 3 by 52%. The removal rate of gases was highest in the order of H 2 S, NH 3 and SO 2 . This phenomenon may be attributed to the swelling (Bates and Jackson, 1980), adsorbing (Harvey et al., 1991) and ion exchanging capacity (Fenn and Leng, 1989) of NaB resulting in binding these gaseous chemicals and reducing their release into the surrounding environment.
Based on appearance the floors of NaB-fed steers looked drier and this was more obvious for unbedded floors which had higher DM levels. These results suggest that dietary NaB addition with ventilation fans on the ceiling can help keep the floor dry even though bedding material is not used. Where bedding costs are high, this might be an economic benefit.
Body weight change of steers during the whole feeding periods
Body weight data for the Hanwoo steers were recorded for the growing, fattening and finishing periods, and are shown in Table 5 . During the growing and fattening periods, steers were fed restricted amounts of concentrate mix, but had free access to rice straw. Daily voluntary rice straw intake measured during these periods decreased gradually from 1.0 to 0.83% of live weight during the growing period and from 0.80 to 0.35% of live weight during the fattening period.
Based on body weights measured each month, the concentrate mix was controlled to achieve a planned level of ADG during the growing (0.8 kg levels) and fattening (>0.9 kg) periods. Under these conditions, feeding 1.44% BW of concentrate mix resulted in an ADG of 0.82 to 0.85 kg during the growing period. When concentrate mix was fed at 1.50% of BW the ADG was 0.91 to 0.93 kg during the fattening period, irrespective of the dietary treatment. The dietary treatment did not affect body weight gain of the steers during the growing and fattening periods. The effects of NaB on body weight gain are not shown during either the growing or fattening periods. The small differences attributed to the treatment could have been predicted by the restricted intake of concentrate mix throughout the feeding periods.
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During the finishing period the ADG was 11.3% higher for the NaB-fed steers than the ADG for the control steers. The higher ADG was attributed to the higher daily intake of concentrate mix for group NaB (8.58 kg) than for the control steers (8.36 kg). Similar responses to clay minerals were observed in other studies. Feeding 5% clay mineral to growing Hanwoo steers for 6 months was reported to not affect feed intake, body weight gain and feed efficiency (Cho et al., 2001) . When Hanwoo steers were fed 2% bentonite from 6 months up to 24 months of age, body weight gain was increased by 8 to 22% during the finishing period. In our study, the live slaughtering weight of the NaB-fed steers was 30 kg higher than that of the control steers (p = 0.10). A similar benefit on animal performance of incorporating a clay mineral into the diet of sheep was reported by Ivan et al. (1992) from incorporation of 0.5% bentonite, and this appeared to be associated with improved feed and bacterial protein flow to the small intestines. The improved feed intake and weight gain of finishing steers fed NaB in the present study can also be explained partly by its ruminal buffering capacity (Son et al., 1998) or relief of ruminal pH drop caused by the ad libitum feeding of concentrate mix during this period, followed by a better rumen environment for microbial fermentation.
Meat characteristics after slaughtering of steers
Yield and quality profiles : The effects of the dietary NaB addition on meat characteristics are presented in Table  6 . The cold carcass weights of steers tended to increase (p = 0.14) with the addition of NaB to the animal diet. The carcass weights were 17 kg higher for treatment NaB than for the control. Carcass yield traits including longissimus muscle area, yield index and yield grade and quality traits including marbling score, meat color, texture, maturity and quality grade were not affected (p<0.05) by the dietary NaB addition. However, backfat thickness tended to decrease (p = 0.12) at least 2 mm for steers with clay mineral in their diet. Fat color was closer (p<0.05) to yellow; however, the differences were inconsistent and very small. This phenomenon appeared to be caused by the light yellowish color of NaB. For the meat quality grades the number of carcasses graded as 1 ++ , 1 + , 1, 2, and 3 grades were 2, 3, 4, 2, and 1, respectively, for the control steer group and 3, 3, 3, 3, and 0, respectively, for the NaB-added group. Overall, the dietary NaB addition had a beneficial effect on the carcass quality grades. In another study (Walz et al., 1998) , feeding 0.75% clay mineral did not affect carcass weight, longissimus muscle area, backfat thickness, quality grade or yield grade of lambs. The differences in response to a clay mineral could be due to different feeding periods and contents. In our study, steers were fed a clay mineral at 1% level of concentrate mix for 22 months. When beef steers were supplemented with Zn, carcass weights were increased (Spears and Kegley, 2002) . The better performance in response to NaB in the present study can be partly attributed to the improved bioavailability of Zn and other minerals as shown in Table 7 . It is well known that dietary supplementation of zinc and other trace minerals positively affect ruminant performance (Spears, 1996) .
Meat mineral profile : The effect of the dietary treatment on the meat mineral profiles of steers is presented in Table 7 . The treatment affected (p<0.05) the mineral concentrations in the longissimus muscle. Compared with the control, dietary NaB treatment had increased concentrations of P (p<0.01), Mg (p<0.01), Na (p<0.01), Zn (p<0.005), K (p = 0.08), Fe (p = 0.08) and Cu (p = 0.07), but concentrations of Ca and Mn were not affected (p>0.05). The longissimus muscle of steers assigned to treatment NaB had 29.6% higher P, 35.1% higher Mg, 18.8% higher K, 30.3% higher Na, 14.9% higher Fe, 31.2% higher Zn, and 88.2% higher Cu than the control group. Individual herd data showed little variation associated with the increasing rates of the specific minerals. The longissimus muscle of animals fed NaB had consistently higher concentrations of most minerals than the control animals. The mineral concentrations ranged between the values reported by Westing et al. (1985) and Williams et al. (1983) . However, Cu levels in this study were rather low compared with those reported by Salles et al. (2008) . This difference was attributed to the different analytical method. In a short term study with lambs, Walz et al. (1998) reported that a diet with 0.75% bentonite did not affect concentrations of Ca, Mg, K, Cu, Zn, Mn, and Fe in bone, liver and kidney. The control diet in this study contained more K, Na, Fe and Mn and less Mg, Zn and Cu (data not presented) than the dietary requirement specified in KFSEC (2007) and NRC (2000) . Consistent dietary incorporation of these deficient minerals and Na for NaB-supplemented steers resulted in a higher retention in the longissimus muscle. Cao et al. (2000) reported that Zn supplementation of ruminant diets that were deficient in Zn resulted in increased Zn content of the ruminant muscle.
The biological reasons for the improved effects of dietary clay mineral on mineral metabolism are not apparent. The improved bioavailability of mineral might be due to the high swelling capacity of clay minerals (Bates and Jackson, 1980) , resulting in a slowing in the rate of digesta passage through the gastro-intestinal tract, or might be related to the high cation exchange capacity of the clay mineral (Fenn and Leng, 1989) .
Meat fatty acid profile : The effect of the dietary treatment on the fatty acid composition of longissimus muscle is presented in Table 8 . The fatty acid composition and saturated and unsaturated fatty acid ratios of longissimus muscle were not affected (p<0.05) by the dietary NaB addition. Other fatty acids were not affected by the dietary treatment. When the fatty acid profile of Hanwoo steers was compared to that of Angus, Choi et al. (2008) reported that palmitic and stearic acid contents were similar, but oleic acid content was higher for Hanwoo steers. However, this study did not support the higher oleic acid levels reported by Choi et al. (2008) .
IMPLICATIONS
The dietary addition of a clay mineral had a manure gasreducing, pro-environmental effect for beef steers. The use of a clay mineral in the diet showed higher mineral bioavailability. These results suggest that the concentrate mix-rice straw feeding system formulated for this study might have been limiting in certain essential dietary minerals, whereas the commercial concentrate mix was supplemented with a mineral premix which had an adequate supply of all or most of the required dietary minerals.
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